Nuclear receptors are important regulators of development and reproduction whose action can be modulated by transcriptional intermediary factors (TIFs). In situ hybridization was used to investigate the expression pattern of the putative nuclear receptor mediator TIF1a during mouse embryogenesis and adult life. TIF1a is ubiquitously expressed until midgestation. At 12.5 gestational days, TIF1a is preferentially expressed in the developing central and peripheral nervous system. Differential expression persists until perinatal stages, with high expression in the brain, nasal epithelium and within proliferating regions of the kidney and teeth. In the adult, TIF1a expression is predominant in both the male and female gonads. Immunogold electron microscopy revealed that TIF1a protein is most abundant in the nuclei of male germ cells at various stages of their maturation. q
Introduction
Transcriptional activation by nuclear receptors (NRs) is thought to involve transcriptional intermediary factors (TIFs) acting via remodeling of the chromatin template and/or altering the activity of the basal transcription machinery (Beato, 1996; Chambon, 1996) . TIF1a , a putative nuclear receptor mediator, is a protein kinase (Fraser et al., 1998) that has a number of conserved domains; an Nterminal RING ®nger/B box/coiled coil (RBCC) motif and a C-terminal region comprising a`Plant Homeo Domain' (PHD) ®nger and a bromodomain. TIF1a is the only member of the TIF1 family, including TIF1b /KAP-1/ KRIP-1 (Friedman et al., 1996; Kim et al., 1996; Le Douarin et al., 1996; Moosmann et al., 1996) and TIF1g (Venturini et al., 1999) , known to interact directly with liganded NRs (Le Douarin et al., 1995; The Ânot et al. 1997) . TIF1a is an abundant nuclear protein tightly associated with euchromatin in undifferentiated multipotent cells (Remboutsika et al., 1999) ; TIF1a levels dramatically decrease upon retinoic acid (RA)-induced differentiation of P19 cells, suggesting an involvement in the maintenance of the undifferentiated state of totipotent cells during development (Remboutsika et al., 1999) . Here, we describe the tissue-speci®c expression of TIF1a during development and in adult tissues, which suggests a role in central nervous system and reproductive function.
Results

Tissue-speci®c expression of TIF1a during fetal development
In situ hybridization (ISH) was used to investigate the expression pattern of the TIF1a gene during mouse development. At early stages of embryogenesis (7.5 and 9.5 days post-coitum, dpc), TIF1a was uniformly expressed throughout the embryo and in the outer region of the uterine decidua (Fig. 1A, and showed stronger signals within the brain and the spinal cord ventral horns (Fig. 1B) . At 12.5 and 14.5 dpc, high expression levels were restricted to the brain, the spinal cord (Fig.  1C,D) and some peripheral nervous system elements (e.g. the sympathetic trunk in Fig. 1D ). Lower expression was seen in the olfactory sinus epithelium (Fig. 1C) , neural retina (not shown), presumptive intervertebral disks (Fig.  1C) , gut epithelium (Fig. 1D ), genital tubercle (Fig. 1C ) and digit extremities (Fig. 1D) .
It is shown that 18.5 dpc fetuses and new-born mice exhibit strong expression in the brain and spinal cord (Figs. 1E and 2A) , as well as in cranial nerve (Fig. 2C ) and spinal ganglia (Fig. 1E) . Coronal brain sections showed strong signals in the cerebral cortex and hippocampal region (Fig. 2E) , mitral cell layer of the olfactory bulbs (Fig. 2B ) and granular layers of the cerebellum (not shown) and more heterogeneous labeling throughout the diencephalon and brain-stem ( Fig. 2E and data not shown). Strong labeling was detected in the pituitary gland ( Fig. 2A,E) , neural retina and lens epithelium (Fig.  2B ). In the inner ear, TIF1a was expressed in the sensory cochlear epithelium and the spiral ganglion ( Fig. 2C ,E). TIF1a was speci®cally expressed in the olfactory region of the nasal epithelium (Fig. 2B,D) . TIF1a was markedly expressed in both epithelial and mesenchymal components of the 18.5 dpc tooth buds ( Fig. 2A ), but expression decreased in newborn teeth (Fig. 2B ). Strong signals were seen in the salivary glands (Figs. 1E and 2A) and nasal serous glands (Fig. 2D) , and in tracheal ± but not bronchial ± epithelium ( Fig. 2A) . Intermediate expression levels were detected in the brown fat of the neck (Figs. 1E and 2A) . Labeling of the glandular stomach epithelium (Fig. 1E ) was more intense towards the base of the fundic glands. Similarly, signals increased towards the base of the villi and the crypts of the developing intestine (data not shown). Pronounced expression was detected in the kidney cortex which contains the newly generated nephrons (Fig. 1E) .
ISH was performed on 2-week-old (not shown), 4-weekold ( Fig. 2F) and adult (not shown) brain sections. At these stages, transcript levels appeared much lower than in newborn brains (Fig. 2E ), but high expression levels persisted in the hippocampus and dentate gyrus, choroid plexi (Fig. 2F) , olfactory bulbs and in the cerebellar Purkinje cell layer (data not shown). The labeling remained heterogeneous throughout the cortex, diencephalon and brain-stem, suggesting sustained expression in speci®c cell-type(s) (Fig. 2F) . Abbreviations: bf, brown fat; de, decidua; di, digits; drg, dorsal root ganglia; em, embryo; ey, eye; fb, forebrain;¯, forelimb bud; g, gut; gt, genital tubercle; hb, hindbrain; ki, kidney; my, myometrium; ol, olfactory sinuses; pa, pharyngeal arches; pv, prevertebrae; sc, spinal cord; sg, salivary gland; st, stomach; sy, sympathetic trunk; vh, ventral horns of the spinal cord. Abbreviations: bf, brown fat; br, brain; cb, cerebellum; ce, cochlear epithelium; cp, choroid plexus; cx, cerebral cortex; dg, dentate gyrus; di, diencephalon; hi, hippocampus; ib, incisor buds; le, lens; mb, molar buds; mc, mitral cell layer; nc, nasal cartilage; ng, nasal serous glands; ob, olfactory bulb; oc, otic capsule; ol, olfactory epithelium; pi, pituitary gland; re, respiratory epithelium; rt, retina; sc, spinal cord; sg, salivary gland; sp, spiral ganglion; tg, trigeminal ganglion; tr, trachea. We then analyzed TIF1a protein levels by Western blotting. TIF1a protein was readily detected in nuclei from 10.5 dpc embryos, as well as 12.5 and 18.5 dpc fetal brains, while its level was markedly reduced in the adult brain (data not shown). Other tissues including liver, lung and kidney showed much lower levels of TIF1a protein at 12.5 dpc, which further decreased at 18.5 dpc and in the adult (data not shown).
TIF1a expression in the gonads
Northern blot analysis showed that TIF1a was highly expressed in the testis (Le Douarin et al., 1995 , and data not shown) and Western blot analysis con®rmed the presence of TIF1a protein in adult testis and ovary (data not shown). ISH revealed TIF1a mRNA in the fetal ovary at 18.5 dpc (data not shown). Prepuberal (2-week-old) ovaries Abbreviations: bl, basal lamina; C, cytoplasm; es, elongated spermatid; hc, head capsule; IGC, interchromatin granule cluster; N, nucleus; nb, nuclear body; nu, nucleolus; rs, round spermatid; sc, spermatocyte; se, Sertoli cell; sg, spermatogonia; sy, synaptonemal complex. exhibited strong labeling in oocytes and weaker labeling in follicle cells (Fig. 3A) . TIF1a was also strongly expressed in the oviduct epithelium (Fig. 3A) . In the adult, TIF1a was strongly expressed in the oocytes at various stages of follicle maturation (Fig. 3B) . Follicle cells also exhibited rather strong signals, whereas labeling intensity was weaker and variable amongst lutein cells (Fig. 3B) .
TIF1a mRNA was detected in the 18.5 dpc fetal testis (data not shown). At 10 days post-partum, the transcripts were uniformly distributed within the testis seminiferous tubules (Fig. 3C) . However, 15±20-day-old (not shown) and adult (Fig. 3D) testes exhibited marked differences of expression levels amongst various tubules, indicating that TIF1a expression is regulated during the spermatogenic cycle. Although the ISH preparations do not allow to precisely stage the seminiferous tubules, we found that tubules containing spermatid nuclei aligned along the luminal side were weakly labeled (Fig. 3D) , suggesting a downregulation of TIF1a expression during stages VII-VIII of the spermatogenic cycle (Russell et al., 1990) . There was no signi®cant labeling of testis interstitial cells (Fig. 3D) .
Adult testis sections were processed for indirect immunogold labeling and analyzed by electron microscopy in order to precisely localize the TIF1a protein (Fig. 4) . Immunogold labeling was observed in the nuclei of the various germ cells, from spermatogonia to elongated spermatids (Fig. 4C±F) , and of Sertoli cells (Fig. 4B) . Gold particles were observed throughout euchromatin and in small clusters at the periphery of heterochromatin when visible. Interchromatin granule clusters, which contain splicing factors, were devoid of labeling (Fig. 4E) . Control sections incubated with a non-immune serum and processed simultaneously showed few gold particles randomly dispersed in the nucleus and cytoplasm of the various celltypes (Fig. 4G , and data not shown).
Materials and methods
Tissue sections and in situ hybridization
Wildtype CD1 mice were mated overnight and the next morning was considered as 0.5 dpc. Subsequently 7.5±9.5 dpc embryos were frozen in utero in Tissue-Tek w (Sakura Finetek, Torrance, CA) embedding medium. Older embryos and fetuses were dissected out of the uterus and frozen without embedding medium. Serial sections (10 mm) were collected on gelatin-coated slides and stored at 2808C prior to hybridization.
35
S-labelled antisense riboprobes were produced from the full-length TIF1a cDNA cloned in pBluescriptSK
1
. ISH was performed as described (Niederreither and Dolle Â, 1997) .
Western blot analysis
Nuclei from mouse embryonic and adult tissues were prepared as described (Remboutsika et al., 1999) . Equivalent aliquots of isolated nuclei were subjected to 4±15% SDS-PAGE and Western blot analysis using the mAb5T1E8 monoclonal antibody (Remboutsika et al., 1999) .
Immuno electron microscopy
Testes from intracardially perfused adult CD1 males were ®xed in 4% paraformaldehyde for 1 h, dehydrated in ethanol and embedded in Epon. Ultrathin sections (90 nm) were placed on nickel grids, etched in 10% H 2 O 2 for 10 min, incubated in 50 mM glycine for 15 min and in 5% BSA, 1% CWF skin gelatin, 1% normal goat serum. Immunohistochemistry experiments were performed at room temperature for 2 h with either 2 mg/ml anti-TIF1a rabbit polyclonal antibody in PBS±BSA (Aurion) or preimmune serum, followed by 1 h incubation with 18 nm colloidal gold-conjugated anti-rabbit IgG (1:40 dilution) (Jackson Immunoresearch Labs). All grids were contrasted with uranyl acetate and examined under a Philips EM208 transmission electron microscope. The rabbit polyclonal antibody (600II) was previously characterized by immunoblotting and immunocytochemistry experiments (E. Remboutsika, unpublished data) .
